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ABSTRACT 
INTRODUCTION: Expert systems (ESs) are computer programs that can 
simulate the decision making ability of human experts. In this project, 
an ES was developed that used optometric data and decision rules to 
produce spectacle lens prescriptions. 
METHODS AND MATERIALS: A commercially available shell program was 
used to produce the ES. Decision rules were derived from clinical 
experience and standard references. The resultant ES was capable of 
prescribing spherical and cylindrical lenses, and bifocal adds that 
would give maximum acuity consistent with a maximum probability of 
patient acceptance. 
DISCUSSION: The ES developed in this project demonstrates how 
programs of this type can be used to analyze optometric data and offer 
a second opinion on the proper lens prescription for a patient. 
KEYWORDS 
Expert system, computer, optometry, lens, artificial intelligence, 
refraction, vision 
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INTRODUCTION 
Determining spectacle lens powers for the majority of patients 
seen in a typical optometric office is a relatively straight-forward 
process. Basically, it involves gathering accurate data from the 
patient and applying a set of rules to relate the data to lens powers 
that will maximize patient acuity and comfort. Obviously, different 
rule sets must be used tor different patient populations, and the rule 
sets can get quite complex for some patients, but lens prescribing is 
based on rules applied consistently and logically by the optometrist. 
This rule oriented nature of lens prescribing suggests the possibility 
that a computer program with access to the optometrist's data and 
rules could also prescribe lenses (or could at least help the 
optometrist to prescribe).1 ,2 
Computer programs that use rules to simulate the decision 
making capabilities of human experts are appropriately called "expert 
systems." They can either use specific IF-THEN rules supplied by a 
human expert, or they can derive their own rules by studying examples 
of input data and output decisions made by an expert. The former ESs 
are referred to as "rule based," and the later are called "example 
based."1-3 
ESs are currently used in many financial, industrial, and medical 
applications.1-30 For example, the Fidelity family of mutual funds has 
recently announced the use of a neural-net type ES that will make 
decisions on one fund's balance between taxable and tax-exempt 
bonds.26 Another financial ES helps American Express make decisions 
on whether to extend credit limits for its cardholders27. 
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In the medical area, one of the most intriguing ESs called APACHE 
(Acute Physiology and Chronic Health Evaluation) helps humans make 
decisions concerning the allocation of expensive or scarce resources in 
hospital critical care units.1 ,31 ,32 The program considers the 
patient's signs and symptoms and compares them to those of previous 
patients. It then determines a probability that the patient will recover 
based on the records of previous patients. If the probability is low, it 
recommends against allocating resources. Obviously, the final decision 
on allocation is made by a human expert, but APACHE provides a 
dispassionate and logical second opinion to the decision maker. 
In optometry, an attempt has been made to develop an ES for lens 
prescribing. Madsen, et al. developed an ES that could prescribe lens 
for simple myopic patients with the same accuracy as a human expert.3 
Based on Madsen, et al.'s work, another ES has been developed to expand 
the applicable patient population from Madsen's simple cases of myopia 
to one including must cases of myopia, hyperopia, astigmatism and 
presbyopia. 
Project Goal 
This project was designed to demonstrate the development of a 
computer ES that could provide second opinions regarding spectacle 
lens prescriptions for a selected population of patients. To do this, a 
commercially available ES shell, EXSVS®, was provided with a set of 
IF-THEN rules that it used to create the ES called "SECOND OPINION." 
SECOND OPINION requires age; habitual and subjective distance 
refractive error corrections with corresponding acuities for all 
patients; and information on near vision problems as needed. If SECOND 
OPINION considers recommending an add, it asks for near point test 
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data along with the patient's typical near working distance and 
required reading ranges. SECOND OPINION also uses keratometric data 
and the results of a cycloplegic refraction if they are available. 
By using these data, SECOND OPINION provides recommended 
distance and near lens powers, along with comments or warnings if 
inconsistencies in the patient's data are detected. When significant 
changes between habitual lens powers and those that provide maximum · 
acuity are found, SECOND OPINION uses its rules to recommend lenses 
that provide the best compromise between acuity and potential wear-
ability of the lens (e.g., the program might recommend giving only part 
of a cylinder correction if there was a large difference between 
habitual and subjective lenses). 
METHODS AND MATERIALS 
Expert Shell Program 
There are many shell programs on the market that could have been 
used to develop the SECOND OPINION ES. The EXSYS® sheila was 
selected because it had been used in a previous study and was readily 
available3. As a rule-based shell program, EXSYS® can be customized 
to make ESs that are applicable to any discipline. To develop an ES, 
specific IF-THEN rules are provided to EXSYS® along with the names of 
variables to be used, formulas and tables that can be used to determine 
the values of numeric variables, qualifiers that can be applied to 
determine if specific relationships exist, and a set of choices that 
form the output from the program. For example, a simple IF-THEN rule 
used to form an optometric ES might be: IF the habitual and the 
subjective refractive corrections are identical, THEN do not change the 
power of the patient's lens. 
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IF-THEN rules can be chained together to form very complex 
patterns called decision trees. Different input data would cause 
different sets of rules to be fired as the ES seeks to reach a conclusion 
based on the input provided to it (the use of a rule is often referred to 
as "firing" the rule). 
During the development of an ES, IF-THEN rules are established 
that embody the factual knowledge and personal philosophy of the 
developer. This makes the validity of the ES dependent on the validity 
of this knowledge and philosophy, but it also allows others to develop 
competing ESs based on alternative philosophies. For example, in the 
case of SECOND OPINION, some of the rules used to recommend lens 
powers will be questioned by many optometrists. However, if the ES is 
able to provide refractive error correction prescriptions that 
correspond to prescriptions given by the developer, the rules are 
consistent with her or his prescribing philosophy. If the ES does not 
provide "acceptable" values to another user, the rules can be modified 
until the values become acceptable to the person using the program. 
Assumptions Used to Create SECOND OPINION 
To create a program that could recommend refractive error 
corrections for the majority of patients, certain simplifying 
assumptions were made. The most important was to suggest wearable 
optical corrections, and not to recommend lenses for other purposes 
such as myopia reduction, correction of deviant ocular postures, etc. It 
was also assumed that all patients had normal binocular vision and 
were free from disease. More specialized ESs with different design 
assumptions and rules could be constructed to deal with these less 
common but more complex problems. SECOND OPINION was developed to 
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illustrate how an ES could be used to recommend lens powers for 
typical patients. 
Input Data and Output Conclusions 
As input data, SECOND OPINION expects age, and habitual and 
subjective refractive corrections with corresponding acuities to be 
available for all patients. In addition cycloplegic refractive 
corrections, keratometry readings, fused near cross cylinder findings, 
negative and positive relative accommodation data, habitual near add, 
and near working distances are also used if available and appropriate. 
SECOND OPINION always assumes that any data supplied to it are valid 
and accurate, but, in some cases, it is able to compensate for missing 
data. For example, if the patient is known to have a habitual near add 
but the power is unavailable because the lenses are lost or broken, 
SECOND OPINION calculates a recommended add based on whatever data 
are available (i.e., patient age, etc.). 
The output data from SECOND OPINION include a recommended lens 
prescription and the . acuity the patient should expect to achieve with 
the prescription. SECOND OPINION can also provide messages 
cautioning the user about inconsistencies in the input data or problems 
with the recommended lenses (e.g., a large recommended change in 
power that is not consistent with the resultant change in acuity). 
DETERMINATION OF RECOMMENDED DISTANCE LENS POWER 
Internal Operation and Assumptions 
After receiving its input data, SECOND OPINION fires a series of 
rules designed to evaluate the habitual and subjective corrections (e.g., 
are they spherical or sphero-cylindrical?), and to determine how they 
relate to each other (e.g., if they are not identical, what aspects of the 
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corrections are different?). Depending on the results obtained by firing 
these assessment and comparison rules, other rules are selected and 
fired. To understand the internal operation of SECOND OPINION, this 
process will be considered by using a series of examples. 
Identical Habitual and Subjective Corrections 
In the simple case when both subjective and habitual corrections 
are the same and no cycloplegic data are available, SECOND OPINION 
simply recommends the habitual power. SECOND OPINION also checks to 
insure that the acuities are 20/20 or better and prints a caution 
message if they are not. An example is presented in Table 1. 
Insert Table 1 About Here 
Different Habitual and Subjective Corrections When Both are Spherical 
A somewhat more interesting, but still relatively simple 
example, involves different habitual and subjective spherical lens 
powers. When such a difference is noted, SECOND OPINION fires rules 
that determine if cycloplegic data are available. If they are not, 
SECOND OPINION recommends that the subjective power be prescribed. 
It then fires other rules that determine if the difference between the 
habitual and subjective powers is consistent with the corresponding 
difference in acuity. This determination is made by using rules derived 
from a table relating acuity and refractive error changes.33 If SECOND 
OPINION detects a significant inconsistency, it prints a caution 
message. This is illustrated in Table 2. 
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Insert Table 2 About Here 
In the unlikely event that acuity is better with the habitual as 
compared to the subjective lens (and no cycloplegic data are available), 
SECOND OPINION prints a caution message informing the user of 
possible inconsistency in the data. 
Finally, if the recommended sphere is between -0.25 and +0.50 
and no cylinder is recommended, SECOND OPINION prints a message 
suggesting that the power of the lenses might be too low to prescribe 
unless there are special circumstances. 
Analyses Performed When Refractions are Spherical and Cycloplegic 
Data are Available 
If cycloplegic data are available, SECOND OPINION fires rules that 
compare the subjective and cycloplegic sphere powers. If the 
difference between them is 0.75 D or less, the cycloplegic data are 
disregarded. 
If the difference is greater than 0.75 D, the magnitude of the 
cycloplegic power is reduce by 0.75 D to allow for tonic 
accommodation. Then, if the residual difference is less than or equal 
to 1.00 D, SECOND OPINION adds this difference to the subjective value. 
This becomes SECOND OPINION's recommended sphere power. 
However, if the residual difference is greater than 1.00 D, 
SECOND OPINION adds the first 1.00 D plus one-half of any remaining 
difference to the subjective value. This becomes the recommended 
sphere power. 
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Using these rules, SECOND OPINION recommends a lens that 
corrects a significant portion of the patient's refractive error, but can 
result in reduced distance acuity until the patient adapts (i.e., releases 
latent hyperopia). Therefore, SECOND OPINION fires rules that predict 
the distance acuity through the recommended lens and prints a caution 
note if the acuity will be significantly less than it would have been if 
the unmodified subjective lens had been recommended . This is 
illustrated in Table 3. 
Insert Table 3 About Here 
Different Habitual and Subjective Corrections When Either or Both are 
Sphero-cyli nd rica I 
Somewhat more difficult problems involve lenses with 
cylindrical components. This difficulty occurs because cylindrical 
powers with different axes do not combine in a simple manner, and the 
axis discontinuity that occurs at 180 degrees requires special 
mathematical procedures. Wear-ability concerns can also arise when 
large differences between habitual and subjective cylindrical powers 
or axes are encountered. In these cases, compromises between wear-
ability of a lens and maximum acuity are often required, just as they 
are in latent hyperopia with large differences between subjective and 
cycloplegic powers. 
Cylinder Power Differences 
When SECOND OPINION finds a difference between subjective and 
habitual cylinder powers, it fires rules that determine the magnitude 
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of the difference. If the difference is 0.50 D or less, SECOND OPINION 
recommends the subjective cylinder power. 
If the difference is greater than 0.50 0, SECOND OPINION 
recommends a modified cylinder power. The modified power is 
calculated by first determining the difference between the habitual and 
subjective powers. SECOND OPINION then adds the first 0.50 D of the 
difference, plus two-thirds of any remaining difference, to the habitual 
power to get its recommended cylinder power. 
If this wear-ability adjustment is made, spherical equivalency 
with the subjective power is maintained by modifying the sphere power 
of the recommended lens. This is illustrated in Table 4. 
Insert Table 4 About Here 
Cylinder Axis Differences-Assumptions and Strategies 
When there are large differences between habitual and subjective 
lenses, it is common to recommend spherical and cylindrical powers 
that achieve a compromise between acuity and wear-ability. In the 
case of significant differences between subjective and habitual 
cylinder axes, however, the situation is somewhat more complex. 
Philosophically, some optometrists do not believe that it is appropriate 
to prescribe a cylinder axis other than the one found during the 
subjective examination . Others feel that rotating a subjective axis to 
90 or 180 degrees is appropriate (even though this induces oblique 
astigmatism). Still others aggressively rotate axes toward the 
habitual when there is a large difference between the subjective and 
habitual values. 
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SECOND OPINION allows the user to select between two 
strategies for axis rotation: the user can instruct SECOND OPINION to 
either 1) not change the axis from the subjective value under any 
conditions, or, 2) fire rules that consider (and possibly recommend) an 
axis other than the subjective value. This choice is made by the user on 
the initial data entry screen. 
Cylinder Axis Modification 
If the user selects the axis rotation mode, the rules SECOND 
OPINION uses to determine its recommended axis are based on several 
assumptions: 1) the axis of the "best" lens will lie between the habitual 
and subjective axes, 2) the closer a prescribed axis is to the habitual 
value, the more wearable the lens will be (i.e., adaptation time will be 
shorter), 3) the closer an axis is to the subjective value, the better the 
acuity will be (i.e., the subjective axis gives the maximum possibility 
acuity), 4) lenses with axes closer to horizontal or vertical are more 
"wearable" than those with oblique axes, and, 5) it is desirable to align 
the axis of the recommended lens with the "physiological cylinder axis" 
of the eye. (The physiological axis is a value SECOND OPINION derives 
by combining the toricity of the patient's cornea with the expected 
internal cylinder of the typical eye.)34,35 
Based on the first assumption, the cylinder axis recommended by 
SECOND OPINION will have a value equal to or somewhere between the 
subjective and habitual axes. SECOND OPINION initially considers the 
habitual and subjective acuities, and the subjective cylinder power, to 
determine how far the subjective axis can be moved. It then uses a 
formula, based on the algebraic law of cosines36, to calculate how far 
the subjective axis can be rotated toward the habitual axis to decrease 
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the difference between habitual to subjective acuities by one-third 
(i.e., if the axis were rotated by this amount, one-thirds of the acuity 
gain between the habitual and subjective lenses would be lost). This 
establishes the rotation limit, in degrees (i.e., the maximum rotation 
allowed), that SECOND OPINION uses to determine a recommended 
cylinder axis. 
The process SECOND OPINION uses to determine its recommenced 
axis is best understood by considering the subjective and habitual axes 
on an X-Y coordinate plot. First, SECOND OPINION plots the axis of the 
subjective cylinder and places the rotation limits around this axis. 
Next, it places the same rotation limits around the vertical or 
horizontal meridians, the physiological axis of the eye, and the habitual 
axis. These rotation limits all have the same magnitude in degrees as 
the rotation limit around the subjective axis. 
Next, SECOND OPINION checks to determine if the subjective axis 
is within any of the rotation limits. If it is, SECOND OPINION 
recommends prescribing the subjective axis. If the subjective axis is 
not within any of the limits, rules are fired that rotate the subjective 
axis toward the habitual axis until a limit is met. At this point 
rotation stops. SECOND OPINION then considers recommending this 
value as the cylinder axis, but first checks to make sure that the axis 
is not more oblique than the subjective value. If it is more oblique, 
SECOND OPINION recommends not modifying the subjective axis (i.e., 
SECOND OPINION never recommends prescribing a cylinder power with 
an axis more oblique than the subjective value). 
The results of axis modification are illustrated by the example in 
Table 5. · In this example, the axis rotation limit was 8 degrees. When 
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SECOND OPINION rotated the subjective axis toward the habitual, the 
first limit was met when the axis was 19 degrees (the limit associated 
with the habitual axis). It therefore recommended this cylinder axis. 
Insert Table 5 About Here 
Special Circumstances Regarding Axis Modification 
When considering axis modification, SECOND OPINION is capable 
of dealing with several special circumstances. For example, if there 
was a cylinder correction in the patient's habitual lens, but not in the 
subjective, SECOND OPINION recommends that no cylinder be given. 
Other special circumstances involve the cases where the flat K axis is . 
unknown and/or there is no cylinder in the habitual correction, but the 
subjective lens contains cylinder. In these situations, SECOND OPINION 
uses whatever information it has to set up axis rotation limits (e.g., if 
data on flat K axis are unavailable, SECOND OPINION simply continues 
without it): 
DETERMINATION OF NEAR ADD POWER 
Internal Operation and Assumptions 
To determine a recommended add power, SECOND OPINION 
considers the patient's age, habitual add power (if any), positive and 
negative relative accommodation (PRA and NRA) values, and the results 
of binocular cross-cylinder testing. SECOND OPINION also considers the 
patient's typical working distance and the required range of clear 
vision. 
SECOND OPINION initially assumes that the patient will have a 
working distance of 40 em and fires rules that determine the add 
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appropriate for the patients age37, NRA-PRA balance, and binocular 
cross-cylinder test. A weighted-mean of these values is calculated 
with weights of 1 for the binocu lar cross-cyl inder, 2 for the age-based 
add, and 3 for the NRA-PRA balance. (These weights were somewhat 
arbitrary chosen, but reflect the clinical experience of the program 
developer. As with other rules in SECOND OPINION, they can be easily 
changed to reflect other prescribing philosophies.) 
The weighted-mean add is then combined with the equivalent 
sphere of the recommended distance lens, as previously determined by 
SECOND OPINION, to derive the subjective near eguivalent sphere. This 
lens power is then compared to the patient's habitual near eguivalent 
sphere to determine if prescribing the weighted-mean add would cause 
a significant change in near power. There are three possible outcomes 
of this comparison: the powers could be equal, the habitual power could 
be greater (i.e., more plus), or the subjective power could be greater. 
Egual Habitual and Subjective Near Eguivalent Powers 
If the habitual and subjective near powers are equal, or if the 
subjective near power is not more than 0.50 D more plus than the 
habitual near power, SECOND OPINION recommends the weighed-mean 
value as the patient's add. 
Subjective Near Power is Less Plus Than Habitual 
If SECOND OPINION finds that the subjective near equivalent 
sphere is less plus than the habitual, it considers the individual add 
powers determined based on the patient's age, NRA-PRA balance, and 
binocular cross cylinder value. It then recommends the largest of these 
powers as the patient's add unless this causes the near equivalent 
sphere of the recommended lens to be more plus than the habitual near 
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equivalent sphere. If this happens, SECOND OPINION prescribes an add 
power that makes the habitual and recommended near equivalent sphere 
powers equal. This process is illustrated in Table 6. 
Insert Table 6 About Here 
Subjective Near Power is More Plus Than Habitual 
In the third case, if the subjective near equivalent sphere is more 
than 0.50 D more plus than the habitual value, SECOND OPINION adds the 
first 0.50 D, plus half of the residual . difference, to the habitual near 
equivalent sphere. This yields a recommended near equivalent sphere 
power from which SECOND OPINION calculates a recommended add by 
subtracting the distance equivalent sphere. This is illustrated by the 
example in Table 7. 
Insert Table 7 About Here 
------------- - ~ - ••• -- -· ------- ----------------------- -----!!!!-~ill-
Possible Notes Relevant to Near Add 
In the previous two cases (i.e., when the subjective and habitual 
near equivalent powers were not the same), it is possible that SECOND 
OPINION would recommend compromising acuity at 40 em to increase 
the initial wear-ability of the lens by maintaining the greatest 
possible range of clear vision. Such a compromise would occur only if 
there were a large difference between the habitual and subjective near 
equivalent powers; SECOND OPINION prints a caution note to alert the 
user if this compromise is made. 
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After SECOND OPINION has determines its recommended add for an 
assumed working distance of 40 em, it checks to determine if the 
power will be adequate for the patient's actual working distance and 
required ranges. If it is not, SECOND OPINION warns the user of this, 
and, if possible, suggests powers that will meet the patient's 
requirements. 
SECOND OPINION also checks to be sure that the recommended add 
is at least +0.75 diopter; if it is not, SECOND OPINION cautions the user 
that the add might be too low to prescribe. SECOND OPINION also 
checks the magnitude of the recommended add against the add 
appropriate for the patient's age and prints a caution message if there 
is more than a 0.50 D difference between these values. 
Finally, if the patient is under 35 years of age and SECOND 
OPINION recommends an add, it cautions that an add might not be 
appropriate unless there are special circumstances (e.g., use of 
medications that reduce accommodative ability). 
DETERMINATION OF COMPLETE LENS PRESCRIPTION 
To determine the complete recommended lens prescription for a 
patient, SECOND OPINION fires the rules described in the sections above 
to analyze various components of the input data. As an ES, the order in 
which SECOND OPINION fires its rules is not preset by the developer. 
This makes SECOND OPINION much more powerful than it would be if it 
were forced to fire its rules in a set sequential order. Instead, SECOND 
OPINION determines the manner in which it will analyze the patient's 
data based on its own internal logic. This facilitates the ability of 
SECOND OPINION to analyze cases in which there are very complex 
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interactions between different components of the input data. A case 
illustrating many of SECOND OPINION's features is shown in Table 8. 
Insert Table 8 About Here 
Further examples of output from SECOND OPINION are shown in 
the Appendix. These examples demonstrate the full range of notes and 
cautions that SECOND OPINION produces. 
DISCUSSION 
The goal of this project was to demonstrate the development of a 
computer expert system that could provide second opinions regarding 
spectacle lens prescriptions. As the examples illustrate, SECOND 
OPINION has met this goal. It was able to recommend distance and near 
lens powers that balanced acuity with wear-ab ility, and it provided 
comments or warnings when data inconsistencies and/or problems 
were noted. 
The rules used by SECOND OPINION were based on the developer's 
clinical experience and standard reference works. It is likely, however, 
that other optometrists would disagree with the rules, and might 
propose an entirely different set of prescribing rules. This is not a 
problem, however, because SECOND OPINION's rules can be easily 
changed to meet the desires of any user. 
Although SECOND OPINION has certain limitations in its current 
form , it demonstrates that a computer with a relatively small set of 
rules can aid in prescribing spectacle lenses. 
If optometrists enter patient data directly into computers, either 
by hand or by linking the computer and data gathering instruments,38 
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an ES like SECOND OPINION could be resident in the computer and could 
analyze the patient's data as they were gathered. Then, at the end of 
the examination, it could offer its recommendations without any 
additional effort by the optometrist. If the optometrist and SECOND 
OPINION reached the same conclusions, an added degree of certainty 
regarding the patient's prescription would ·be provided. If there was 
disagreement, the optometrist could consider why SECOND OPINION 
recommended a different lens and review the case to be sure that a 
proper prescription would be given. 
If SECOND OPINION were expanded to consider a broader range of 
patient problems (e.g., aniseikonia), how should this technology be 
used? Could technicians or automated instruments38 gather patient 
data for an ES to analyze? And, could an ES actually make prescription 
decisions for patients? If feasible, this approach would allow the 
optometrist more time to concentrate on complex and difficult cases. 
However, patient acceptance of such a system is uncertain at this time. 
Sophisticated ESs could also be used to assist the optometrist in 
analyzing cases that were beyond their level of expertise. As 
examples, ESs could help in the diagnosis and treatment of binocular 
dysfunctions and the selection of vision therapy programs. They could 
also help in the diagnosis and management of disease, or the design of 
complex lenses (e.g., bitoric contacts, or iseikonic lenses). Visual field 
and corneal topography analyses could also be accomplished by ESs. 
The future appears promising for the optometric use of 
intelligent computer programs such as ESs. 
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FOOlNOTES 
a. EXSYS® is available from EXSYS, Inc. 1720 Louisiana Blvd., NE, 
Albuquerque, NM 8711 0; (800) 676-8356. Versions for Macintosh, and 
PCs operating in DOS, · Windows, Unix, and other environments are 
available. Price is approximately $1 ,500 for the development package. 
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Age: 42 
Habitual SRx: 
APPENDIX- CASE ILLUSTRATIONS 
Case 1: 
Bifocal Prescription 
Possible Over Minus 
-0.75-1.25 X 110 VA: 20/20 
Subjective SRx: -0.75-1.75 X 105 VA: 20/20 
NRA: +2.50 PRA: -1 .00 BinXcyl: +0.50 
Typical Reading Dist.: 40 em Required Reading Ranges: 30-70 em. 
SECOND OPINION RECOMMENDS: -0.75-1.75 X 105 Add:+ 0.75 
Predicted VA with Recommended SRx: 20/20 
MESSAGES: 
* According to Second Opinion the habitual VA should have been 20/30. 
The actual habitual VA was: 20/20. 
* Second Opinion has found that the difference between the habitual 
and subjective Rx's is too large to justify the resulting change in 
acuity. Consider the possib ility that the minus power in the subjective 
prescription is too high or that the data are faulty. 
* The power difference between the subjective and the SRx 
recommended by Second Opinion is: Sphere 0.00; Cyl inder 0.00. 
No modification of the subjective sphere or cylinder power has been 
recommended. 
* The recommended add (+0.75) will meet both the Far and Near Reading 
Range Requirements. 
* The recommended add (+0.75) will meet the requirement of the 
Typical Working Distance. 
CAUTIONS! 
* Second Opinion recommends a prescription which does not improve 
the patients distance VA. A trial comparison between the 
recommended and habitual powers is suggested. 
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Age: 73 
Habitual SRx: 
Case 2: 
Bifocal Prescription 
Range Checking 
+2.00-0.25 X 041 VA: 20/50 
Subjective SRx: +2.50 Sph. VA: 20/30 
Add:+ 2.00 
NRA: +3.70 PRA: PLO BinXcyl: +2.25 
Typical Reading Dist.: 40 em Required Reading Ranges: 35-65 em. 
SECOND OPINION RECOMMENDS: +2.50 Sph. Add: + 2.00 
Predicted VA with Recommended SRx: 20/30 
MESSAGES: 
* According to Second Opinion the habitual VA should have been 20/30. 
The actual habitual VA was: 20/50. If the difference between these 
values is large, the resu lts from Second Opinion should be interpreted 
with caution. 
* The power difference between the subjective and the SRx 
recommended by Second Opinion is: Sphere 0.00; Cylinder 0.00. 
No modification of the subjective sphere or cylinder power has been 
recommended. 
* A trifocal with a lower segment of "+2.75" and an intermediate seg of 
at least "+1.25" would be required to meet this Reading Range. 
CAUTIONS! 
* The recommended add (+2.00) is not strong enough for the Typical 
Working Distance. 
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Age: 10 
Habitual SAx: 
Case 3: 
Sphere Modification 
Cylinder Axis Modification 
+0.50-1.00 X 80 VA: 20/25 
Subjective SAx: +1.00-1.75 X 70 VA: 20/20 
Cycloplegic Sphere: +3.50 
SECOND OPINION RECOMMENDS: +2.25-1.75 X 74 
Predicted VA with Recommended SAx: 20/60 
MESSAGES: 
* To improve wear-ability, Second Opinion has recommended modifying 
the subjective cylinder axis to make it less oblique, or to move it 
closer to the habitual axis. 
* The power difference between the subjective and the SAx 
recommended by Second Opinion is: Sphere -1.00; Cylinder -0.25. 
The spherical difference between the subjective and recommended SAx 
is because of the cycloplegic refraction. 
The cylindrical difference between the subjective and the recommended 
SAx is designed to improve lens wear-ability. 
CAUTIONS! 
* Second Opinion recommends a prescription which does not improve 
the patients distance VA. A trial comparison between the 
recommended and habitual powers is suggested. 
* Second Opinion recommends a prescription that may result in acuity 
at least two lines poorer than the subjective Ax. Consider whether this · 
is acceptable. 
* Based on the cycloplegic data, Second Opinion recommends more plus 
equivalent sphere power than in the subjective refraction. Warn the 
patient that distance vision may be somewhat blurred until full 
adaptation has occurred. 
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Age: 27 
Habitual SRx: 
Case 4: 
Cylinder Power Modification 
Possible Over Minus 
-1.25-1.00 X 138 VA: 20/30 
Subjective SRx: -1.25-2.50 X 150 VA: 20/20 
SECOND OPINION RECOMMENDS: -1.25-2.25 X 150 
Predicted VA with Recommended SRx: 20/25 
MESSAGES: 
* According to Second Opinion the habitual VA should have been 20/60 
to 20/70. The actual habitual VA was: 20/30. 
* Second Opinion has found that the difference between the habitual 
and subjective Rx's is too large to justify the resulting change in 
acuity. Consider the possibility that the minus power in the subjective 
prescription is too high or that the data are faulty. 
* The power difference between the subjective and the SRx 
recommended by Second Opinion is: Sphere 0.00; Cylinder -0.25. 
* To improve wear-ability, Second Opinion has recommended a 
modification in . the subjective cylinder power. This modification 
reduces the difference between the habitual and recommended cylinder 
powers. 
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Age: 34 
Habitual SRx: 
Case 5: 
Cylinder Axis Modification 
+ 1.00-2.00 X 120 VA: 20/30 
Subjective SRx: + 1.25-2.50 X 134 VA: 20/20 
SECOND OPINION RECOMMENDS: + 1.25-2.50 X 128 
Predicted VA with Recommended SRx: 20/25 
MESSAGES: 
* According to Second Opinion the habitual VA should have been 20/25. 
The actual habitual VA was: 20/30. If the difference between these 
values is large, the results from Second Opinion should be interpreted 
with caution. 
* The power difference between the subjective and the SRx 
recommended by Second Opinion is: Sphere 0.25; Cylinder -0.50. 
* To improve wear-ability, Second Opinion has recommended modifying 
the subjective cylinder axis to make it less oblique, or to move it 
closer to the habitual axis. 
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TABLE 1 
IDENTICAL HABITUAL AND SUBJECTIVE REFRACTIVE ERROR CORRECTIONS 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Habitual Refractive Error Correction -2.00 -1.00 x 90 
Habitual Acuity 20/20 
Subjective Refractive Error Correction -
Acuity With Best Current Refraction 
OUTPUT FROM SECOND OPINION: 
2.00 -1.00 X 90 
20/20 
Recommended Refractive Error Correction -2.00 -1.00 x 90 
Predicted Acuity 20/20 
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TABLE 2 
IMPROVEMENT IN ACUITY NOT CONSISTENT WITH THE DIFFERENCE 
BETWEEN HABITUAL AND SUBJECTIVE SPHERICAL CORRECTIONS 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Habitual Refractive Error Correction -2.00 DS 
Habitual Acu ity 20/25 
Subjective Refractive . Error Correction 
Acuity With Best Current Refraction 
OUTPUT FROM SECOND OPINION: 
-3.00 DS 
20/20 
Recommended Refractive Error Correction -3.00 OS 
Predicted Acuity 20/20 
Note: Second Opinion has found ttiat the difference between the habitual 
and subjective RXs is too large to justify the resulting change in 
acuity. Consider the possibility that the patient has been given too 
much minus power or that the data are faulty. 
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TABLE 3 
INCREASE IN PLUS POWER IN SUBJECTIVE DATA WHEN CYCLOPLEGIC 
RESULTS ARE AVAILABLE 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Habitual Refractive Error Correction +2.00 OS 
Habitual Acuity 20/20 
Subjective refractive Error Correction 
Acuity With Best Current Refraction 
+2.50 OS 
20/20 
Cycloplegic refractive Error Correction +4.00 OS 
OUTPUT FROM SECOND OPINION: 
Recommended Refractive Error Correction 
Predicted Acuity 
+3.25 DS 
20/50 
Note: Based on the cycloplegic data, Second Opinion recommends more 
plus equivalent sphere power than is present in the subjective 
refraction. Warn the patient that distance vision will be somewhat 
compromised until full adaptation has occurred. 
Note: Second Opinion recommends a prescription that might result in 
acuity at least two lines poorer than the subjective Rx. Consider 
whether this is acceptable. 
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TABLE 4 
SIGNIFICANT CHANGE IN CYLINDER POWER 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Habitual Refractive Error Correction -1.00 -1.00 X 130 
Habitual Acuity 2 0/6 0 
Subjective refractive Error Correction 
Acuity With Best Current Refraction 
-1 .00 -3.00 X 130 
20/20 
OUTPUT FROM SECOND OPINION: 
Recommended Refractive Error Correction -1.25 -2.50 X 130 
Predicted Acuity 20/25 
Note: To improve wear-ability, Second Opinion has recommended a 
modification of the subjective cyl inder power. This modification 
reduces the difference between the habitual and recommended cylinder 
powers. 
Note: Second Opinion has maintained spherical equivalency between the 
subjective and recommended prescriptions by modifying the sphere 
power. 
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TABLE 5 
A DIFFERENCE BETWEEN HABITUAL AND SUBJECTIVE CYLINDER AXES 
WHEN MODIFICATION WOULD NOT MAKE THE AXIS MORE OBLIQUE 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Habitual Refractive Error Correction -1.00 -2.00 X 11 
Habitual Acuity 20/40 
Subjective refractive Error Correction 
Acuity With Best Current Refraction 
Power at Steep K Meridian 
Power at Flat K Meridian 
Flat K Meridian 
44.00 D 
42.00 D 
5 degrees 
-1.50 -2.00 X 22 
20/20 
OUTPUT FROM SECOND OPINION: 
Recommended Refractive Error Correction -1.50 -2.00 X 19 
Predicted Acuity 2 0/2 5 
Note: To improve wear-ability, Second Opinion has recommended 
modifying the subjective cylinder axis to make it less oblique, or to 
move it closer to the habitual axis. 
36 
TABLE 6 
DETERMINATION OF A RECOMMENDED ADD WHEN THE SUBJECTIVE NEAR 
EQUIVALENT SPHERE POWER IS LESS PLUS THAN THE HABITUAL 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Patient Age: .50 
Habitual Refractive Error Correction: -1.00 -2.00 X 180 
Habitual Distance Acuity: 20/20 
Habitual Add: +2.00 
Subjective refractive Error Correction: -1.00 -2.25 X 175 
Acuity With Best Current Refraction: 2 0/1 5 
NRA: +2.00 PRA: +1.00 NRA-PRA Balance: +1.50 
Binocular Cross Cylinder: + 1 .25 
Typical Working Distance: 40 em 
Required Near Range of Clear Vision: 30 to 60 em 
OUTPUT FROM SECOND OPINION: 
Recommended Refractive Error Correction: -1.00 -2.25 x 177 
Predicted Acuity: 20/20 
Recommended Add: +1.50 
Note: The recommended add of + 1.50 will meet the requirement of the 
patient's typical near working distance. 
Note: Second Opinion has recommended a prescription with less total 
plus power at near than the patient's habitual lens. Consider possible 
causes, and the possibility that this might blur near vision as compared 
to the habitual lens. 
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TABLE 7 
DETERMINATION OF A RECOMMENDED ADD WHEN THE SUBJECTIVE NEAR 
EQUIVALENT SPHERE POWER IS MORE PLUS THAN THE HABITUAL 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Patient Age: 55 
Habitual Refractive Error Correction: +0.50 -1.00 x 85 
Habitual Distance Acuity: 2 0 I 3 0 
Habitual Add: +1.00 
Subjective refractive Error Correction: + 1.00 -1.25 X 95 
Acuity With Best Current Refraction: 2 0/2 0 
NRA: +2.25 PRA: +1.50 NRA-PRA Balance: +1.875 
Binocular Cross Cylinder: + 1. 75 
Typical Working Distance: 40 em 
Required Near Range of Clear Vision: 30 to 75 em 
OUTPUT FROM SECOND OPINION: 
Recommended Refractive Error Correction: +1.00 -1.25 X 95 
Predicted Acuity: 20/20 
Recommended Add: +1.50 
Note: The recommended add of + 1.50 will meet the requirement of the 
patient's typical near working distance. 
Note: Second Opinion suggests that a trifocal with a lower segment of 
+2.00 and an intermediate segment of at least +0.75 would be required 
to meet the patient's requested range of clear near vision. 
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TABLE 8 
DETERMINATION OF A RECOMMENDED PRESCRIPTION FOR A PATIENT WITH 
RELATIVELY COMPLICATED FINDINGS 
INPUT DATA CONSIDERED BY SECOND OPINION: 
Patient Age: 50 
Habitual Refractive Error Correction: + 1.00-0.50 X 75 
Habitual Distance Acuity: 2 0 I 2 5 
Habitual Add: + 1 .00 
Subjective refractive Error Correction: +2.50-1.50 X 65 
Acuity With Best Current Refraction: 2 0/2 0 
NRA: +2.25 PRA: +0.75 NRA-PRA Balance: +1.50 
Binocular Cross Cylinder: +1.00 
Typical Working Distance: 40 em 
Required Near Range of Clear Vision: 20 to 100 em 
OUTPUT FROM SECOND OPINION: 
Recommended Refractive Error Correction + 2.25-1.25 X 68 
Predicted Acuity: 20/20 to 20/25 
Recommended Add: +1 .00 
Note: According to Second Opinion the habitual VA should have been 
20/30 to 20/40. The actual habitual VA was: 20/25. If the difference 
between these values is large, the results from Second Opinion should 
be interpreted with caution. 
Note: To improve wear-ability, Second Opinion has recommended 
modifying the subjective cyl inder axis to make it less obl ique, or to 
move it closer to the habitual axis. 
Note: To improve wear-ability, Second Opinion has recommended 
modifying the subjective cylinder power to reduce the difference 
between the habitual and recommended cylinder powers . 
Note: The recommended add of + 1.00 will meet the requirement of the 
patient's typical near working distance. 
Note: Second Opinion suggests that a trifoca l with a lower segment of 
+2.75 and an intermediate segment of at least +1.75 would be required 
to meet the patient's requested range of clear near vision. 
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